Due expensive nature of silicon solar cells with indirect energy band gap, low-cost fabricated chalcogenide thin films are in focus. Copper Aluminium diselenide (CuAlSe2) compound thin films are prepared by chemical bath deposition (CBD) technique. The films were deposited onto microscope glass slide (7.5 cm x 2.5 cm x 0.1 cm) in which influence of ammonium solution as pH adjuster is studied. The optical properties of deposited films were studied using UV-Vis spectrophotometer and results showed that the films thicknesses decrease as the volume ammonium solution increase which resulted in hindering films deposition an as well affected the energy band gaps (2.3 eV to 3.0 eV) of the deposited films as pH values decrease. The pH played important role during the deposition process by affecting the optical properties of the films. This material is good candidate for optoelectronic properties by having moderate transmission in visible region of the spectrum and good UV filter since it absorbs higher in ultraviolet region.
Introduction
Copper indium diselenide (CuInSe2) is the most widely known ternary semiconductor chalcopyrites compound thin films use as absorber in solar cells. Also other semiconductors of the same family like copper aluminium diselenide (CuAlSe2) with wide band gap of 2.6 eV [1] have attracted attention of researchers due its potential application in photovoltaic or detector devices [2, 3] . Some studies of Cu(In,Al)Se2 (CIAS), CuGaSe2 (CGS) and Cu(In,Ga)Se2 (CIGS) thin films on transparent coated oxide (TCO) substrates obtained great results with efficiencies around 15% [4] [5] [6] [7] . Several methods of deposition of CuAlSe2 thin films [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] . CBD method is preferred for its simplicity, inexpensive and capability to achieve large surface area coatings [16] . Generally, in a CBD process, ammonia (NH3) solution is used as a complexing agent to bind the metallic ions so as to minimize the precipitation of corresponding bulk compounds [19] .
In this paper, we report study effects of ammonium solution as a pH adjuster on chemical bath deposited copper aluminum diselenide thin films on microscope glass substrates by varying the volume (1 -9 mL) of NH3 solution in which optical properties of the films were investigated.
Experimental Methods
The CuAlSe2 compound thin films were obtained from CuCl2.2H2O, Al2(SO4)3.14H2O), and Na2SeSO3 as sources of Cu 2+ , Al 3+ and Se 2-, respectively were used as received. All the reagents used were analytical grade. Ethylenediame acetic acid disodium salt (EDTA) was used as a complexing agent during the deposition and ammonia solution acted as source of pH adjuster. A glass rod was used as a stirrer, mercury in glass thermometer was used to measure the bath temperature and Mac digital pH meter (MSW-552 model) was used to measure the pH of the solution. The chemical baths were prepared by putting 5 mL of 0.1 molar solution of copper chloride, 5 mL of 0.1 molar solution of Al2(SO4)3.14H2O, 5 mL of 0.1 molar solution of EDTA in a growth beaker were prepared and the solution was latter stirred before adding 5 mL of sodium selenosulphate and 1 -9 mL of ammonia solution respectively and deep bluish coloration was observed. When sodium selenosulphate was added, the solution did not dissolve until it was heated to temperature of 33 o C. Each bath was filled up to 50 mL mark with distilled water and stirred gently and long enough to ensure uniformity of the mixture. Pre-degreased microscope glass substrates cleaned with distilled water and dried in air were then inserted vertically in the reaction bath while synthetic foam which partly covered the top of the bath. Five different mixtures using 1.0 mL, 3.0 mL, 5.0 mL, 7.0 mL and 9.0 mL of ammonia solution were prepared at room temperature of 33 o C and left undisturbed for twenty four hours. All the samples were further washed in distilled water and air -dried for analysis. The substrates introduced into the reaction bath gave reaction details as hereunder stated;
The optical characterization recorded the optical absorbance carried out with the aid of Jenway6405 UV-Vis spectrophotometer. The instrument gives the extent of absorbance, A, of the optical spectra for the range of 200 nm -1100 nm but wavelength range from 300 -700 nm was used. The film-coated microscope glass substrates were placed across the sample radiation pathway while the uncoated substrate was put across the reference path.
Results and Discussion
During the growth of CuAlSe2 thin film from chemical bath, EDTA functioned as a complex agent that bound Cu 2+ and Al 3+ ions since the formation of complexes ions is important to control reaction rate in the solution. Slow hydrolyses of metals occurred and generated Cu 2+ and Al 3+ in the solution. While OH -from ammonium solution furnishes the necessary 
The effects of pH on the films thickness shows that both are inversely related as shown in Fig. 1 . This shows that as pH value increases, decrease in the thickness of the films set in. This could be that as volume (1-9 mL) of ammonium solution increases, deposition of copper aluminium diselenide films is hindered. For thickness measurement, gravimetric weight difference method was used to measure film thickness with the relation = where, m is the mass of the film deposition on the substrate in gram; A is the area of the deposited film in cm 2 and ρ the density of the deposited material in bulk form [22] . It is also expected that increase in pH value led to the decrease in film thickness which could be that the grain size of film decreased [23] . Fig . 2 shows that increase in pH value resulted to increase in absorbance of the film. It shows that copper aluminium diselenide have high absorption in the ultraviolet region at ca. 300 nm than in any other region of the spectrum. This makes the material to be suitable for good absorption of UV radiation. This means that the material can be used as a UV filters. Because of the attributed effects of decrease in grain size, photon absorption increased at wavelength range of 300-380 nm. This stated wavelength range fall in ultraviolet region of electromagnetic spectrum. This shows that these films can be used as shield from ultraviolet which is harmful to humans. sample 12  sample 15  sample 11  sample 14  sample 13 Transmittance (arb. unit)
Wavelength (nm) Fig. 3 Plot of transmittance of various pH values with wavelength Fig. 3 shows the pH effect value on the transmission spectra in for the range 300 -700 nm. It has been found that film transmission increases with decreasing pH value in solution, which causes decrease of grain size as a result of decreasing the film thickness and consequence transmission increases. The optical transmittance of the film is observed to decrease from ca. 82 % to 45 % with increasing pH value. Observed wide transmission in the nearly entire visible region (450-700 nm) enables it to be a potential candidate for optoelectronic application. The transmission in the films increases as the volume of ammonium solution decreases. The decrease in transmittance may be attributed to the decrease in thickness of the films with increasing pH value. The UV transparencies of all the films were much lower due to electron transitions between the valence band and conduction bands. The substantial decrease in UV transparency could be caused by the scattering from pores and other defects heavily present in the films.
Absorption coefficient of the films, as shown in Fig. 4 , increases as the as the volume of ammonium solution increases. This could be attributed to formation of small grains as the volume of pH adjuster increases. As said in Fig. 3 , absorption was maximized at 4.0 eV which lies in the ultraviolet region of the spectrum. The absorption coefficient, , is estimated from = 0 − where , , 0 and are absorption coefficient, absorbed beam, incident beam and film thickness. Optical band gap of semiconductor is an important parameter in defining its light absorption behavior. When a photon energy, ℎ , is absorbed, electron-hole pair is generated in the semiconductor which excite electrons resulting in delocalizing it in the conduction band leaving behind delocalized hole in the valence band and results to band -to-band transition [20] . Optical band gap (Eg) of film as shown in Fig. 5 was estimated from transmittance data. The photon energy (hν) and absorption coefficient (α) for direct optical transition are related by the following equation [24] .
where hʋ is the photon energy, α is the absorption coefficient, Eg is the optical band gap, A is a constant and n = 1 or 4. The energy band gap could obtain from straight line plot of (αhʋ) 2 vs. hʋ by extrapolating of the line to base line. If a straight-line graph is obtained for n=1, it is attributed to direct electron transition from valence band to conduction band whereas n=4, there is indirect transition of electrons from valence band to conduction band [25] . For calculation of the optical band gap of CuAlSe2 film, the curve of (αhʋ) 2 vs. hʋ was plotted. The Eg value of the CuAlSe2 film was determined from Fig. 5 and it was found increases from 2.3 eV to 3.0 eV as pH values decrease. These energies are slightly higher than earlier reported by [13] this can be attributed to the effect of grain size and the crystal quality was decreases with increasing pH value in solution 
Conclusion
Optical properties of copper aluminium diselenide thin films is studied and this material is good candidate for optoelectronic properties by having moderate transmission in visible region of the spectrum and a good UV filter since it absorbs mainly in ultraviolet region. The effect of ammonium solution on this as deposited material shows that increase in the volume of the pH adjuster leads to decrease in optical band gap of the material due to decrease in film thickness as the pH values increase.
